BOTH CROSS-SECTIONAL AND PROSPECTIVE epidemiologic studies have linked sleep durations of 6 hours or less per night with prevalent and incident hypertension. For example, in an 8-to 10-year follow-up of the National Health and Nutrition Examination Survey-I cohort, Gangwisch and colleagues reported that short sleepers (≤ 5 hours per night) were at increased risk for hypertension, after adjusting for confounding variables including age, sex, education, health behaviors, depression, overweight/obesity, and diabetes.
MIDLIFE ADULTS WHO ARE SHORT SLEEPERS ARE AT INCREASED RISK FOR CARDIOVASCULAR DISEASE. [1] [2] [3] [4] BOTH CROSS-SECTIONAL AND PROSPECTIVE epidemiologic studies have linked sleep durations of 6 hours or less per night with prevalent and incident hypertension. For example, in an 8-to 10-year follow-up of the National Health and Nutrition Examination Survey-I cohort, Gangwisch and colleagues reported that short sleepers (≤ 5 hours per night) were at increased risk for hypertension, after adjusting for confounding variables including age, sex, education, health behaviors, depression, overweight/obesity, and diabetes. 3 Significant relationships among short sleep duration and incident hypertension over a 5-year follow-up were observed among women only in the slightly older Whitehall II cohort. 2 Strikingly, decreases in sleep duration over a 3-to 5-year period in the Whitehall II cohort were associated with a 110% excess risk of cardiovascular mortality after adjusting for prominent cardiovascular disease risk factors. 4 Possible pathways linking short sleep duration to hypertension and cardiovascular disease events include increases in body weight and changes in glucose metabolism/diabetes. In a series of landmark studies, Spiegel and colleagues demonstrated that short-term experimental sleep restriction in healthy, lean, young adults profoundly altered key components of energy homeostasis, including glucose tolerance, food cravings, and hormones critical to appetite regulation. 5 For example, experimental sleep restriction of 4 hours per night over two consecutive nights markedly increased the ghrelin-to-leptin ratio and reported cravings for calorie-dense and carbohydrate-rich foods. 6 Observational data from the population-based Wisconsin Sleep Cohort study 7 similarly demonstrated significant crosssectional associations among short sleep duration and reduced leptin and elevated ghrelin, which regulate satiety and hunger, respectively. Given the metabolic and endocrine changes that favor increased appetite and hunger in association with sleep curtailment, it is not surprising that a number of prospective epidemiologic studies have reported significant relationships between short sleep duration and increased body mass index. 8, 9 With respect to diabetes, the experimental sleep-restriction studies of Spiegel and colleagues demonstrated that sleep curtailment for periods of less than one week leads to clinically significant decreases in glucose tolerance in lean young men. 5 Although these experimental studies show that sleep restriction affects glucose metabolism, one has to look to the epidemiologic literature to evaluate the extent to which naturalistic sleep cur-tailment, as measured by short sleep duration, is associated with diabetes. To date, several epidemiologic studies have reported that diabetes risk is elevated in both short and long sleepers. [10] [11] [12] For instance, after adjusting for diabetes risk factors, including waist girth, both the cross-sectional Sleep Heart Health Study and the prospective Massachusetts Male Aging Study reported U-shaped relationships between sleep duration and type 2 diabetes. 11, 12 Although similar univariate relationships were observed in 10-year follow-up data in the full Nurse's Health Study cohort, after adjusting for body mass index, diabetes risk remained elevated only in short and long sleepers with symptomatic disease (e.g., thirst, urinary frequency, weight loss).
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Increased body weight and glucose dysregulation, including diabetes, have pernicious and far-reaching consequences to cardiometabolic risk, including increased free fatty acid release, dyslipidemia, increased inflammation, macrovascular damage and remodeling, and endothelial dysfunction. 13, 14 If the U-shaped relationship between sleep duration and cardiometabolic risk is mediated, in part, by individual associations with obesity, glucose metabolism, and their downstream pathophysiologic consequences, it is logical to consider whether short and/or long sleep duration is related to the metabolic syndrome. The metabolic syndrome is a composite set of cardiometabolic risk factors, including central adiposity, glucose dysregulation, elevated blood pressure, and dyslipidemia, which covary within populations and aggregate in individuals. 15 Despite the absence of international consensus regarding the definition of and scoring guidelines for the metabolic syndrome, 16 it has been widely shown to predict cardiovascular disease risk, [17] [18] [19] type 2 diabetes, [20] [21] [22] and all-cause mortality. 17, 19 While there is also disagreement about the extent to which the individual components of the metabolic syndrome represent a unique physiologic substructure or are merely a cluster of health hazards, there is no dispute that individual components of the metabolic syndrome are physiologically interrelated. 23 To this end, evaluation of relationships among sleep and the metabolic syndrome is critical to understanding the synergistic mechanisms by which sleep affects and is affected by health. Indeed, recent studies have reported increased prevalence of the metabolic syndrome in individuals who snore and/or have sleep apnea, as well as rotating shiftworkers. [24] [25] [26] We have recently shown that subjective sleep quality, as measured by the Pittsburgh Sleep Quality Index, is a significant correlate of the metabolic syndrome in a subsample (n = 210) of the participants included in this report. 27 In the present larger study, we hypothesized that both short and long sleep duration would be associated with increased prevalence the metabolic syndrome.
MethoDS
Data for the present study were derived from the University of Pittsburgh's Adult Health and Behavior (AHAB) registry, which is a compendium of behavioral and biologic measurements on midlife adults recruited via mass-mail solicitation from communities of Southwestern Pennsylvania (principally Allegheny County). Study participants in the AHAB registry were 1295 male and female AHAB participants, all between 30 and 54 years of age. Participants had no clinical history of atherosclerotic cardiovascular disease, chronic kidney or liver disease, cancer treatment within the preceding year, or major neurologic disorders, schizophrenia, or other psychotic illness. Other AHAB study exclusions included pregnancy and the use of insulin, glucocorticoid, antiarrhythmic, psychotropic or weight-loss medications. Data collection occurred over multiple laboratory sessions, and informed consent was obtained in accordance with approved guidelines of the University of Pittsburgh Institutional Review Board.
Sleep
Sleep duration was measured by trained interviewers as a component of the Stanford Five-City Physical Activity Interview. 28 Participants were asked the number of hours per night they had slept over the past 7 days and were asked separately about sleep duration on weeknights (Sunday-Thursday) and weekend nights (Friday, Saturday). Consistent with previous studies that have evaluated relationships among sleep duration and indices of cardiometabolic risk, weekly average reported sleep duration was calculated as the weighted average of weeknight and weekend values [(5 × weekday sleep duration) + (2 × weekend sleep duration) /7] . 7, 29 This definition makes no assumptions regarding work, leisure, or other constraints on weekday and weekend sleep hours. Participants were divided into 4 groups based upon their reported sleep duration: < 6 hours = "very short sleepers," 6 to 6.99 hours = "short sleepers," 7 to 8 hours = "reference group," and > 8 hours = "long sleepers." In exploratory analyses, we computed a measure of presumed sleep debt in order to explore the extent to which sleep-curtailment patterns were associated with the metabolic syndrome and its components. 29 Sleep duration difference scores were calculated as weekend sleep duration -weeknight sleep duration. The majority of the sample had weekday versus weekend sleep duration discrepancies of less than 1 hour (77%); 16% slept over an hour longer on weekend compared with weekday nights, whereas 7% slept over an hour longer on weekday compared with weekend nights. Because we could not presume that participants "paid their sleep debt" on weekend nights, presumed sleep debt was dichotomized as a weekend versus weekday sleep duration difference of greater than 1 hour, regardless of whether the longer sleep bout occurred on a week night or weekend night.
Cardiometabolic Risk
Components of the metabolic syndrome were assessed in the morning following a 12-hour overnight fast. Blood pressure measurements were obtained by trained staff, using a mercury sphygmomanometer and cuff size appropriate to the participant's arm circumference. Blood pressure was calculated as the mean of two consecutive readings obtained on the right arm, in a seated position, and following 10 minutes' rest. Measurements were obtained of participants' height, weight, and waist circumference (at the umbilicus). Study staff also collected a venous blood sample, as well as medication usage and health status data at this time. Determination of fasting serum lipids, glucose, and insulin was performed by the Heinz Nutrition Laboratory, University of Pittsburgh Graduate School of Public Health, as described previously. 30 The metabolic syndrome was defined according to the American Heart Association/National Heart Lung and Blood Institute's (AHA/NHLBI) criteria 15 as the presence of three or more of the following: (1) waist circumference greater than 102 cm in men or greater than 88 cm in women; (2) fasting serum glucose of 100 mg/dL or greater or use of oral hypoglycemic medication; (3) blood pressure of 130 mm Hg systolic, 85 mm Hg diastolic or higher or use of antihypertensive medication; (4) serum triglycerides of 150 mg/ dL or higher or medication for hypertriglyceridemia; and (5) high-density lipoprotein (HDL) cholesterol of less than 40 mg/ dL in men or 50 mg/dL in women, or use of medication for low HDL cholesterol.
Covariates
Traditional and emerging biologic and sociodemographic factors, health behaviors, and indices of health were evaluated as potential confounds of relationships among sleep duration and cardiometabolic risk. Risk factors that have been robustly associated with sleep duration and/or the metabolic syndrome and its individual components included age, sex, race, socioeconomic status, smoking, alcohol use, physical activity, and cholesterol. [31] [32] [33] The following were assessed by self report: age, sex, race (non-Hispanic Caucasian, African American), socioeconomic status as indexed by educational attainment ("college degree or greater" = 1 compared to "associate's degree or less" = 0), smoker status (dichotomized as "never," "past smoker" = 0 versus "current smoker" = 1), alcohol use (average number of alcoholic beverages consumed per week), and physical activity operationalized as average weekly kilocalories. 34 Fasting lowdensity lipoprotein (LDL)-cholesterol levels were determined according to the Friedewald equation.
35 LDL-cholesterol levels were selected as a covariate in lieu of total cholesterol or the total cholesterol:HDL ratio given the high degree of collinearity between the latter two measures and indices of dyslipidemia, which constitute two of the five components of the metabolic syndrome.
Accumulating cross-sectional and longitudinal evidence also suggests that depression is a significant correlate of sleep duration 33;36 and cardiometabolic risk. [37] [38] [39] For instance, two prospective studies reported that symptoms of depression, independent of age and health behaviors, were associated with increased risk of developing the metabolic syndrome. 38, 39 The majority of cross-sectional studies similarly support a strong association between symptoms of depression and the metabolic syndrome in mid-to late-life adults. 37 In the present study, symptoms of depression were measured with the self-report Center for Epidemiological Studies Depression Scale, 40 minus sleep items.
Statistical Analysis
Twenty-eight participants were excluded from analysis due to missing data on one or more sentinel variables (viz., sleep record, central adiposity, fasting lipids, or glucose concentration). An additional 53 participants taking statins were not included since these agents are generally prescribed for elevated LDLcholesterol but have concurrent effects on triglycerides and HDL cholesterol, which confound dyslipidemia classification. Consistent with AHA/NHLBI guidelines regarding the diagnosis of the metabolic syndrome, participants taking fibrates and nicotinic acid (n = 7) were retained in the analyses as they were presumed to have high triglycerides and low HDL cholesterol. 15 Therefore, the present analyses were conducted on a total sample of 1214 participants.
Descriptive statistics were used to characterize the sample, evaluate distributions, and guide the formation of categorical or transformed variables. Multivariable logistic regression was used to test the hypothesis that sleep duration is a significant correlate of the metabolic syndrome and its components. Covariates were age, sex, race, educational attainment, smoker status, physical activity, fasting LDL-cholesterol level, and symptoms of depression. Alcohol use was not used as a covariate as it was unrelated to sleep duration and the metabolic syndrome in the present sample. Secondary analyses explored the extent to which presumed sleep debt was a significant correlate of the metabolic syndrome and its components. Analyses of presumed sleep debt were considered exploratory given that we did not have a measure of preferred sleep duration 29 nor were we able to verify that participants worked during the week and slept longer hours (i.e., paid their sleep debt) on the weekend.
A series of sensitivity analyses were conducted to evaluate the possibility that several key variables significantly confounded study results. Given the strong association between the abdominal obesity and glucose components of the metabolic syndrome (χ 2 = 52.64, P < 0.001), two additional models tested relationships between (a) sleep duration and the abdominal obesity criterion in participants who did not meet the glucose criterion (n = 864, 71% of the sample) and (b) sleep duration and the glucose criterion in participants who did not meet the abdominal obesity criterion (n = 802, 66% of the sample). These analyses allowed us to evaluate associations between sleep duration and abdominal obesity, not confounded by elevated glucose, as well as sleep duration and glucose, not confounded by abdominal obesity. Because β-blockers and diuretics may indirectly increase glucose concentrations, sensitivity analyses were also performed in the subsample of participants who were not taking these medications (n = 1173, 96.6% of the sample). These analyses allowed us to evaluate associations between sleep duration and cardiometabolic risk, not confounded by antihypertensive medication use.
ReSultS
Background characteristics of the sample are shown in Table  1 . Sixteen percent of the sample (n = 199) was self-identified as African American, and, overall, 62% of the sample were overweight or obese, as defined by a body mass index (kg/m 2 ) of 25 or greater. These statistics parallel those observed in US adults of similar average age and racial distribution. 23 Presence of the metabolic syndrome in this sample (22%) was also similar to that of published prevalence statistics for US adults. 15 An additional 46% (n = 560) of the sample met one or two criteria for the metabolic syndrome, whereas 32% (n = 386) met no criteria. Short sleep duration was common, with 20% of the sample reporting sleep durations of less than 6 hours per night. In contrast, only 8% of the sample reported sleep durations of longer than 8 hours per night.
Sleep Duration and the Metabolic Syndrome-Hall et al common among African Americans (23.6%) than among Caucasians (13.8%) (Pearson χ 2 = 12.33, P < 0.001). The metabolic syndrome and elevated blood pressure were less common in participants who achieved greater educational attainment (19% and 27.6%, respectively), compared with those with an associate's degree or less (26.8% and 38%, respectively). Consistent with previous studies, the metabolic syndrome and each of its components was inversely associated with physical activity, as measured by weekly kilocalorie expenditure, and positively associated with LDL-cholesterol levels. In multivariable models, smoker status and symptoms of depression were unrelated to the metabolic syndrome or its individual components.
The proportion of participants in each sleep duration category with the metabolic syndrome is shown in Figure 1 . As detailed in Table 2 , after adjusting for age, sex, race, educational attainment, smoker status, physical activity, LDL-cholesterol, and symptoms of depression, the odds for having the metabolic syndrome increased between 48% and 83% in both groups of short sleepers and the long sleeper group, compared with those sleeping 7 to 8 hours per night. Relationships between reported sleep duration and individual components of the metabolic syndrome were similarly evaluated, and significant relationships were noted for three of the five metabolic syndrome criteria. Very short and short sleepers were at least 1.6 times more likely to meet criteria for abdominal obesity (waist circumference > 102 cm for men or 88 cm for women) compared with individuals who slept 7 to 8 hours per night. Sensitivity analyses confirmed that significant relationships among very short (odds ratio [OR] = 2.05, 95% confidence interval [CI]= 1.27-3.31) and short sleepers (OR = 1.62, 95% CI = 1.12-2.34) and the ab-CI = 1.12-2.34) and the ab-= 1.12-2.34) and the abdominal-obesity criterion remained significant in the subsample of participants who did not meet the glucose criterion (n = 864, 71% of the sample).
In the full sample, a U-shaped curvilinear relationship was observed between sleep duration and the glucose criterion, defined as a fasting glucose level of 100 mg/dL or greater or use of oral hypoglycemic medication (Table 2) . Compared with the reference group, the odds of meeting the glucose criterion were at least 1.7 times greater in the very short (< 6 hours) and Logistic regression model results are summarized in Table  2 . With respect to background variables included in the models, older age was associated with the metabolic syndrome and each of its components (P values < 0.01) with the exception of the low HDL criterion. Although metabolic syndrome rates did not differ between Caucasians and African Americans (21.8% and 24.6%, respectively), a greater percentage of the African Americans ranked above the defined cutoffs for central adiposity and blood pressure and below the threshold for triglycerides, as compared with the Caucasians (all P values < 0.001). Metabolic syndrome rates were twice as high in men, as compared with women (30.3% versus 15.2%, respectively; P < 0.001). Increased prevalence of the metabolic syndrome in men was related to the following criteria: glucose, blood pressure, and triglycerides. Although rates of very short sleep duration (< 6 hours/night) were comparable in men and women (18.8% and 12.5%, respectively), very short sleep durations were more Sleep Duration and the Metabolic Syndrome-Hall et al which was weakly related to the HDL criterion in the full sample (P = 0.08), was associated with a significant 77% increase in this cardiometabolic risk factor in the subsample of participants not taking β-blockers or diuretics.
Results of exploratory analyses revealed that presumed sleep debt, as indexed by a weekend versus weeknight sleep-duration discrepancy of greater than 1 hour, was not a significant correlate of the metabolic syndrome or any of its components (data not shown).
DiSCuSSion
In recent years, there has been a proliferation of studies focused on sleep duration and indices of cardiometabolic risk. Short and long sleep duration have been linked to various risk factors for cardiovascular disease, including increased body mass index, diabetes, metabolic dysregulation, elevated blood pressure, dyslipidemia, and others. 7, 33, [41] [42] [43] [44] Each of these large epidemiologic studies has generally focused on a single cardiometabolic risk factor and adjusted for other risk factors to the extent possible. In contrast, the epidemiologic and clinical concept of the metabolic syndrome presumes that abdominal obesity, glucose dysregulation, elevated blood pressure, and dyslipidemia are a cluster of risk factors that act synergistically to influence subsequent disease processes. 15 Although some find this approach unsatisfying because evaluation of a syndrome makes it difficult to identify individual physiologic pathways to disease, the central notion of the metabolic synlong (> 8 hours) sleeper groups. Sensitivity analyses in the subsample of participants who did not meet the abdominal-obesity criterion (n = 802, 66% of the sample) revealed that the odds for meeting the glucose criterion remained elevated in short sleepers (OR = 2.08, 95% CI = 1.27-3.43) but not significantly so in long sleepers (OR = 1.72, 95% CI = 0.90-3.29).
In the full sample, the odds for meeting the elevated triglyceride criterion (triglycerides ≥ 150 mg/dL or use of dyslipidemic medication) were increased by 53% in short sleepers, compared with the reference group of men and women who slept 7 to 8 hours per night. The odds of meeting the triglyceride criterion did not differ in the very short or long sleepers, compared with the reference group. Sleep duration was not associated with the blood pressure criterion or the low HDL-cholesterol criterion.
Sensitivity analyses indicated that use of potentially confounding antihypertensive medications had relatively minor effects on observed relationships between sleep duration and cardiometabolic risk. As detailed in Table 3 , among participants not taking β-blockers and/or diuretics (n = 1173, 96.6% of the sample), the odds for meeting metabolic syndrome criteria remained elevated in the very short and short sleepers but declined somewhat in the long sleepers and was no longer statistically significant. Similarly, the odds for meeting the glucose criterion remained elevated in the very short sleepers but not in the long sleepers. Significant relationships among sleep duration and both the abdominal obesity criterion and the triglyceride criterion remained unchanged in the subsample of participants not taking antihypertensive medications. Long sleep duration, Although several epidemiologic studies have reported significant associations between sleep duration and prevalent or incident hypertension, 2,3,45 sleep duration was unrelated to the blood pressure component of the metabolic syndrome in our midlife sample of men and women. The significant National Health and Nutrition Examination Survey-I, Sleep Heart Health Study, and Whitehall II results were observed in samples of more than 4000 and results were shown to be age and sex specific, which might suggest that our study may have been underpowered to evaluate relationships between sleep duration and the bloodpressure component of the metabolic syndrome. Certainly, laboratory studies have demonstrated that sleep curtailment or deprivation acutely increases blood pressure in normotensive adults. [46] [47] [48] Finally, presumed sleep debt, which was operationalized as a weekend-to-weekday difference in sleep duration of longer than 1 hour, regardless of whether the sleep debt was "paid" on the weekend or weekday night, was unrelated to the metabolic syndrome and its components. This was somewhat surprising given robust associations among short sleep duration and indices of cardiometabolic risk in this and other studies. These results suggest that short sleep duration cannot be presumed to reflect sleep debt and/or sleep debt must be more systematically measured.
Abdominal obesity and elevated glucose were among the individual metabolic syndrome components most strongly associated with short sleep duration in the present study. Although our cross-sectional data cannot address questions of causality, experimental studies suggest that sleep restriction may promote weight gain and alter glucose metabolism. 49 One study 6 demonstrated that experimental sleep restriction altered the dynamic balance between leptin, which promotes satiety, and ghrelin, which stimulates appetite. The increased ghrelinto-leptin ratio was strongly associated with increased reports of hunger and appetite for calorie-rich and carbohydrate-dense foods. 6 Experimental sleep restriction has similarly been shown to elicit clinically significant decreases in glucose tolerance in lean young men. 50 Because the present sample of midlife men and women was older, less healthy, and more overweight than were the participants in the experimental sleep-restriction studies, we conducted sensitivity analyses to evaluate relationships between sleep duration and abdominal obesity, not confounded by elevated glucose, and vice-versa. In the present sample, the cross-sectional relationship observed between short sleep drome is that these individual risk factors have, in part, shared etiologies. Growing appreciation of the behavioral and physiologic interconnectedness of cardiometabolic risk factors has led some to evaluate relationships between sleep and the metabolic syndrome. Published studies have examined relationships between the metabolic syndrome and sleep disordered breathing, snoring, shift work, and subjective sleep-quality complaints. [24] [25] [26] [27] To our knowledge, the current investigation is the first to evaluate relationships between sleep duration and the metabolic syndrome.
Results indicate that both short (< 7 hours per night) and long sleep duration (> 8 hours per night) are significant correlates of the metabolic syndrome in a community sample of midlife adults. Relationships between sleep duration and the metabolic syndrome were observed despite statistical adjustment for traditional Framingham risk factor components (age, sex, race, smoker status, and LDL cholesterol), educational attainment, physical activity, and symptoms of depression. After exclusion of individuals taking potentially confounding antihypertensive medications, the relationship between long sleep duration and the metabolic syndrome was no longer statistically significant. Sleep duration was independently associated with 3 components of the metabolic syndrome: abdominal obesity, elevated glucose, and elevated triglycerides. Men and women who slept less than 7 hours per night were nearly twice as likely to meet criteria for abdominal obesity, compared with those who reported sleeping 7 to 8 hours per night. Very short sleepers (< 6 hours per night) who were not obese and did not take antihypertensive medications were more likely to meet the elevated-glucose criterion, compared with men and women who reported sleeping 7 to 8 hours per night. Meeting the elevated-triglyceride criterion was more common in short (between 6 and 7 hours per night) but not in very short or long sleepers. Our cross-sectional results for sleep duration and the abdominal-obesity and glucose components of the metabolic syndrome are consistent with the results of several prospective epidemiologic studies that have linked sleep duration to subsequent weight gain and diabetes risk. 1, 9, 12, 33 Although others have reported univariate associations between sleep duration and lipids, relationships have not remained significant after adjustment for other cardiometabolic risk factors. 41, 41, 44 Thus, our findings related to short sleep duration and elevated triglyceride levels must be considered preliminary. 45, 56 Although the present sample was generally healthy, unrecognized morbidity, including sleep apnea, or adverse health behaviors may have contributed to observed relationships between long sleep duration and the metabolic syndrome.
The limitations of the present study and the published literature suggest several directions for future research regarding the relationship between sleep and the metabolic syndrome. As already noted, the cross-sectional nature of these data precludes causal inferences regarding the relationship between sleep duration and the metabolic syndrome. Additional experimental and prospective observational studies are needed to evaluate the extent to which sleep duration affects, or is affected by, the metabolic syndrome, abdominal obesity, glucose and lipid metabolism, and blood pressure. Although the present study evaluated a community sample of healthy adults, relationships between sleep and the metabolic syndrome might differ in important ways in other populations. For instance, the present results cannot be generalized to adults with medical or psychiatric morbidities not included in the AHAB sample (e.g., patients with bipolar disorder or schizophrenia, who are at increased risk for the metabolic syndrome and cardiometabolic disease). Additionally, these results cannot be generalized to other races and ethnic groups with different cardiometabolic risk profiles or different sleep patterns. In terms of future research, evaluation of relationships between sleep duration and early markers of cardiometabolic risk in adolescents and young adults would be especially helpful for teasing out confounds related to morbidity and lifestyle factors. In future studies it will be important to evaluate other dimensions of sleep (e.g., sleep continuity, sleep architecture, sleep debt) beyond sleep disordered breathing, sleep quality, and sleep duration that may be related to the metabolic syndrome and its component risk factors. Finally, identification of the proximal behavioral and biologic pathways by which sleep affects components of the metabolic syndrome is essential to developing treatment strategies to augment behavioral and pharmacologic interventions for cardiometabolic disease.
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The authors appreciate and acknowledge the statistical input of Patricia Houck, M.S. The corresponding author and Dr. Stephen Manuck (PI) had full access to all of the data in the study and take responsibility for the integrity of the data and the accuracy of the data analysis. This work was supported by National Institutes of Health Grants HL040962, HL065137, HL076852, and RR024153. duration and abdominal obesity was independent of elevated glucose and use of antihypertensive medication. Relationships between short sleep duration and the glucose component of the metabolic syndrome were independent of abdominal obesity and use of antihypertensive medication. Consistent with those of the experimental sleep-restriction studies, our results support independent links between short sleep duration and both abdominal obesity and alterations in glucose metabolism. That these risk factors act synergistically to promote cardiometabolic disease suggests that sleep duration, if causally linked to abdominal obesity and alterations in glucose metabolism, may play an important mechanistic role in the development of cardiometabolic disease.
Other less-studied behavioral and physiologic pathways linking short sleep duration to components of the metabolic syndrome include increased opportunity for eating, increased physiologic arousal, and increased inflammation. 5, 49, 51 Although intriguing, the behavioral hypothesis that short sleepers gain weight and develop type 2 diabetes because they have more opportunities to eat has not been fully explicated. Although short sleepers may indeed have more time to eat, they also have more opportunities to engage in a host of health behaviors known to increase or decrease cardiometabolic risk, including smoking, alcohol and caffeine use, and increased physical activity, and more opportunities to engage in social support. Although our analyses adjusted for smoking and physical activity, relationships among short sleep duration, health behaviors, and cardiometabolic risk are undoubtedly complex and warrant further empirical evaluation. Other physiologic pathways that may play a role in the link between short sleep duration and cardiometabolic risk include autonomic nervous system dysregulation, increased activity of the hypothalamic-pituitary-adrenal axis, and increased inflammation.
5,9,52
The evidence linking long sleep duration to cardiometabolic risk is mixed. Aside from the few studies that have reported increased incidence of type 2 diabetes in long sleepers, 10, 2 others have reported increased major depression and lower socioeconomic status in long sleepers. 31, 33, 53 More recently, Williams and colleagues reported that C-reactive protein was a significant correlate of long sleep duration in women with type 2 diabetes and no documented history of heart disease or stroke. 44 They hypothesized that proinflammatory cytokines actively increase sleep duration as an adaptive mechanism to promote recovery. We found little support for a link between long sleep duration and cardiometabolic risk. Multivariate models revealed only two significant relationships between long sleep duration, defined as 8 hours or more of sleep, and the metabolic syndrome: compared to men and women who slept 7 to 8 hours per night, long sleepers were more likely to meet criteria for the metabolic syndrome and the elevated-glucose criterion. These results were no longer significant with adjustment for use of antihypertensive medication, which has been shown to impact fasting blood glucose levels. Similar to Williams et al, 44 we found that long sleepers who were not taking antihypertensive medication were more likely to meet the criteria for low HDL cholesterol. Others have hypothesized that long sleep duration is a proxy for sleep disordered breathing and that sleep apnea drives the relationship between long sleep duration and health outcomes.
54;55 Furthermore,
